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Introduction
In RAN4#101-bis-e meeting, part of the core requirements of Rel-17 NR power saving enhancement are endorsed in [1].  But there are still some open issues and a WF on RRM requirements for Rel-17 NR power saving enhancement was approved [2] in RAN4#101-bis-e meeting. 
In this contribution, we provide our consideration of these open issues and give our proposals.
Discussion
At last meeting, there were still several open issues which are lists in WF [2]. We will discuss them one by one. 
	[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Issue 1-2-1&Issue 1-2-2: Enable the RLM/BFD relaxation feature
· RLM/BFD relaxation is enabled by explicit signaling.  
· FFS the applicability conditions that UE is allowed to apply relaxed requirement.


For the condition when UE is allowed to apply relaxed requirements, it has been discussed by several meetings. There are 3 factors: 1) explicit signaling; 2) UE is configured by low speed criterion and fulfills; 3) UE is configured by good serving cell quality criterion and fulfills;
It can be summarized by several cases:
Case A: UE is configured by low speed criterion and fulfills + UE is configured by good serving cell quality criterion and fulfills
For case A, according to the previous agreements, UE is allowed to apply relaxed requirement irrespective of the explicit signaling. 
Case B: explicit signaling is true + UE is not configured by low speed criterion + UE is configured by good serving cell quality criterion and fulfills, UE is allowed to apply relaxed requirement. 
Case C: explicit signaling is true + UE is not configured by low speed criterion + UE is not configured by good serving cell quality criterion, UE is not allowed to apply relaxed requirement. 
Case D: explicit signaling is true + UE is configured by low speed criterion and fulfills + UE is not configured by good serving cell quality criterion, UE is not allowed to apply relaxed requirement. 
Case E: explicit signaling is false + UE is configured by low speed criterion and fulfills + UE is not configured by good serving cell quality criterion, UE is not allowed to apply relaxed requirement. 
Case F: explicit signaling is false + UE is not configured by low speed criterion and fulfills + UE is not configured by good serving cell quality criterion, UE is not allowed to apply relaxed requirement. 
Case G: explicit signaling is false + UE is not configured by low speed criterion and fulfills + UE is configured by good serving cell quality criterion and fulfills, UE is not allowed to apply relaxed requirement. 
Proposal 1: If UE is configured by low speed criterion and fulfills + UE is configured by good serving cell quality criterion and fulfills, UE is allowed to apply relaxed requirement irrespective of the explicit signaling. If explicit signaling is true + UE is not configured by low speed criterion + UE is configured by good serving cell quality criterion and fulfills, UE is allowed to apply relaxed requirement. For other cases, UE is not allowed to apply relaxed requirement. 

	Issue 2-1: L3 CSI-RS to be used for Low mobility criteria 
· Option 1: L3 CSI-RS can be used for low mobility criteria evaluation for Ues supports CSI-RS based L3 measurements as well. 
· Option 2: The existing agreement to use SSB based L3-RSRP measurement of the serving cell to evaluate the low mobility criterion is sufficient. 


We support to use CSI-RS as RS as well. It is agreed to reuse Rel-16 low mobility criterion based on L3 RSRP measurement variation in RAN4#100-e meeting. In Rel-16 power saving, RSRP is for measuring SSB-RSRP in idle state. The signalling is also in SIB for all UEs in the cell. In Rel-17 power saving, it is for connected mode. SSB based L3 measurements and CSI-RS based L3 measurements are both supported. Therefore, we think RSRP for measuring SSB or CSI-RS are both feasible. For the UEs supports CSI-RS based L3 measurements, CSI-RS RSRP can also be used to achieve better performance. For those UEs which cannot support CSI-RS based L3 measurements, they can still use L3 RSRP based on SSB.
Proposal 2: L3 CSI-RS can be used for low mobility criteria evaluation for UEs supports CSI-RS based L3 measurements as well. 

	Issue 3-1: Good serving cell quality criteria for RLM/BFD
· Agreement 
· The good serving cell quality criteria for RLM/BFD is based on an offset X dB and Qx, while Qx is derived from PDCCH transmission parameters.
· Qx = Qin for RLM
· Qx = [Qin] for BFD
· Note: definition of Qin for BFD needs to be clarified
· The offset X can be configured from a set of 4 values
· Exact values are FFS
· One pre-defined value is used for evaluation if the offset is not configured
· Pre-defined value X = [0] dB
· Signalling details are up to RAN2


At last meeting, Qx = Qin for RLM is agreed. But for BFD, we have the concern by using Qin for BFD. In Rel-15 RLM discussion, the simulation results for PDCCH for RLM is summarized in [3]. For BFD, Qout_LR_SSB is derived based on the hypothetical PDCCH transmission parameters listed in Table 8.5.2.1-1 without Power boosting 4dB. But for RLM Qout is derived by using power boosting 4dB. 
Table 8.5.2.1-1: PDCCH transmission parameters for beam failure instance
	Attribute
	Value for BLER

	DCI format
	1-0

	Number of control OFDM symbols
	2

	Aggregation level (CCE)
	8

	Ratio of hypothetical PDCCH RE energy to average SSS RE energy
	0dB

	Ratio of hypothetical PDCCH DMRS energy to average SSS RE energy
	0dB

	Bandwidth (PRBs)
	24

	Sub-carrier spacing (kHz)
	Same as the SCS of RMSI CORESET

	DMRS precoder granularity
	REG bundle size

	REG bundle size
	6

	CP length
	Normal

	Mapping from REG to CCE
	Distributed



It can observed from the simulation results, the gap between Qin for RLM and Qout_LR_SSB for BFD is < SINR accuracy 5dB. That is why we think Qx = Qin(Qin for RLM) for BFD is not good enough, it is close to Qout_LR_SSB. Therefore, we still propose to use Qx = [Qout_LR_SSB + Y] for BFD. Y is larger than 5dB at least. 
Proposal 3: Qx = Qin(Qin for RLM) for BFD is not good enough, it is close to Qout_LR_SSB. Therefore, we still propose to use Qx = [Qout_LR_SSB + Y] for BFD. Y is larger than 5dB at least. If the offset is not configured, the Pre-defined value can be 5 dB.
Proposal 4: For RLM, Qx = Qin, Therefore, if the offset is not configured, the Pre-defined value X can be 0 dB. 

	Issue 5-2-2: The relaxation factor for FR1: 
· Option 1: 
· K1, FR1 =4 for 40 ms < MAX(TDRX, TRS) ≤ 80 ms
· K2, FR1 =4 for MAX(TDRX, TRS) ≤ 40 ms
· Option 2 
· For FR1 RLM: (consider only DRx <= 80ms)
· K = 2 when DRx > 40ms *or* T310 <= 640ms; 
· K = 4 when DRx <= 40ms *and * T310>640ms, 
· For FR1 BFD: K = 2
Issue 5-2-3: The relaxation factor for FR2 SSB
· Option 1: K1, FR2, SSB= 2 for MAX(TDRX, TSSB) ≤ 80 ms
· Option 2: 
· K=1.5 for 60 ms ≤ MAX(TDRX, TSSB) ≤ 80 ms.
· K=2 for MAX(TDRX, TSSB) ≤ 60 ms 


For FR1, we don’t think the relaxation factor to be differentiated according to N310 and T310. We can accept option 1. 
Proposal 5: For FR1, K= 4 and FR2, K= 2. 
	Issue 6-1-1: Relaxation criteria for multiple RLM-RS/BFD-RS
· Option 1: 
· For entering condition: the radio link quality of at least one RS resource is better than the entering threshold.
· For exit condition: the radio link quality for all the RS resources is worse than the exiting threshold.
· Option 2 
· The UE is allowed to operate RLM/BFD in relaxed mode for a certain cell (SpCell or SCell) when the radio link quality is better than the threshold (Qout + X1) for all RLM-RS resource. 
· The UE shall exit the relaxed mode when the radio link quality is worse than the threshold (Qout + X2) for any the RLM-RS resources. 
· The values of X1, X2 can be same as those discussed for good serving cell quality.


By comparing option 1 and option 2, option 2 is stricter than option 1 for relaxation.  We prefer option 2 for performance.
Proposal 6: The UE is allowed to operate RLM/BFD in relaxed mode for a certain cell (SpCell or SCell) when the radio link quality is better than the threshold Qin for all RLM-RS resource. The UE shall exit the relaxed mode when the radio link quality is worse than the threshold Qin for any the RLM-RS resources.
	Issue 6-3: Specification section for relaxation criteria
FFS Capture the relaxation criteria in the separate sub-section, while RAN4 refers the definition of relaxation criteria to RAN1 or RAN2 specification



We’d like to capture the relaxation criteria in the separate sub-section to be clearer. 8.1.1 and 8.5.1 are for applicability of RLM/BFD measurement relaxation.
Proposal 7: Capture the relaxation criteria in the separate sub-section to be clearer. 8.1.1 and 8.5.1 are for applicability of RLM/BFD measurement relaxation.
Conclusion
[bookmark: _GoBack]This document presents our consideration of open issue for NR power saving enhancement. The following proposals are concluded as below:
Proposal 1: If UE is configured by low speed criterion and fulfills + UE is configured by good serving cell quality criterion and fulfills, UE is allowed to apply relaxed requirement irrespective of the explicit signaling. If explicit signaling is true + UE is not configured by low speed criterion + UE is configured by good serving cell quality criterion and fulfills, UE is allowed to apply relaxed requirement. For other cases, UE is not allowed to apply relaxed requirement. 
Proposal 2: L3 CSI-RS can be used for low mobility criteria evaluation for UEs supports CSI-RS based L3 measurements as well. 
Proposal 3: Qx = Qin(Qin for RLM) for BFD is not good enough, it is close to Qout_LR_SSB. Therefore, we still propose to use Qx = [Qout_LR_SSB + Y] for BFD. Y is larger than 5dB at least. If the offset is not configured, the Pre-defined value can be 5 dB.
Proposal 4: For RLM, Qx = Qin, Therefore, if the offset is not configured, the Pre-defined value X can be 0 dB. 
Proposal 5: For FR1, K= 4 and FR2, K= 2. 
Proposal 6: The UE is allowed to operate RLM/BFD in relaxed mode for a certain cell (SpCell or SCell) when the radio link quality is better than the threshold Qin for all RLM-RS resource. The UE shall exit the relaxed mode when the radio link quality is worse than the threshold Qin for any the RLM-RS resources.
Proposal 7: Capture the relaxation criteria in the separate sub-section to be clearer. 8.1.1 and 8.5.1 are for applicability of RLM/BFD measurement relaxation.
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